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ɻʝʥʳ ʫʪʠʣʠʟʘʮʠʠ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ 

ʫ ʮʠʘʥʦʙʘʢʪʝʨʠʠ Synechocystis sp. PCC 6803 
 

ɹʘʙʳʢʠʥ ʄ.ʄ.1, ʆʙʘʥʜʦ ʉ.ʊ.ɸ.2, ɿʠʥʯʝʥʢʦ ɺ.ɺ.2 

 
1 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʫʯʝʙʥʦ-ʥʘʫʯʥʳʡ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

 

ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʣʝʥʘʨʥʦʤʫ ʜʦʢʣʘʜʫ ɹʘʙʳʢʠʥʘ ʄ.ʄ. ʥʘ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʄɹʎ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ (29 ʤʘʨʪʘ 2024 ʛʦʜʘ), ʧʦʩʚʷʱʝʥʥʦʡ 270-

ʣʝʪʠʶ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (1755-2025) 

 

ʇʦʧʫʣʷʨʠʟʘʮʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʥʝʝ [5; 34], ʘ ʪʘʢʞʝ 

ʦʪʨʘʞʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʘʚʪʦʨʝʬʝʨʘʪʝ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʆʙʘʥʜʦ ʉ.ʊ.ɸ. (ʄɻʋ, ʄʦʩʢʚʘ-2019) 

[URL ʚ ʢʦʥʮʝ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ] 

 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʩʦʢʨʘʱʝʥʠʡ 

ɸʊʌ ï ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ 

ʇʎʈ ï ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʪʧʥ ï ʪʳʩʷʯʘ ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ 

FCH ï ʬʝʨʨʠʭʨʦʤ 

Fe(II) ï ʜʚʫʭʚʘʣʝʥʪʥʦʝ, ʟʘʢʠʩʥʦʝ (ʬʝʨʨʦ), ʞʝʣʝʟʦ 

Fe(III) ï ʪʨʝʭʚʘʣʝʥʪʥʦʝ, ʦʢʠʩʥʦʝ (ʬʝʨʨʠ), ʞʝʣʝʟʦ 

Fe-ʩʠʜʝʨʦʬʦʨ ï ʬʝʨʨʠ-ʩʠʜʝʨʦʬʦʨ, ʠʣʠ ʩʠʜʝʨʦʬʦʨ ʚ ʢʦʤʧʣʝʢʩʝ ʩ Fe(III) 

FeAB ï Fe-ʘʵʨʦʙʘʢʪʠʥ 

FeSK ï Fe-h ʠʟʦʢʠʥʠʥ 

FOB ï ʬʝʨʨʠʦʢʩʘʤʠʥ B 

Gm(r) ï ʛʝʥʪʘʤʠʮʠʥ(ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ) 

Km(r) ï ʢʘʥʘʤʠʮʠʥ(ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ) 

OD750 ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʠ 750 ʥʤ 

PBP(s) ï ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʠʡ(ʝ) (ʩʫʙʩʪʨʘʪ-)ʩʚʷʟʳʚʘʶʱʠʡ(ʝ) ʙʝʣʦʢ(ʢʠ) 

SAV ï ʩʠʜʝʨʦʬʦʨ A. variabilis 

SK ï hʠʟʦʢʠʥʠʥ 

Sp(r) ï ʩʧʝʢʪʠʥʦʤʠʮʠʥ(ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ) 

TBDT(s) ï TonB-ʟʘʚʠʩʠʤʳʡ(ʝ) ʪʨʘʥʩʧʦʨʪʝʨ(ʳ) 

WT ï ʜʠʢʠʡ ʪʠʧ 
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ɸʥʥʦʪʘʮʠʷ 

 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʛʦ ʤʠʢʨʦʵʣʝʤʝʥʪʘ, ʞʝʣʝʟʘ, ʚ ʝʛʦ 

ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʡ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʝ Fe(III), ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʚ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʦʜʥʳʭ 

ʩʨʝʜʘʭ, ʤʥʦʛʠʝ ʙʘʢʪʝʨʠʠ ʩʠʥʪʝʟʠʨʫʶʪ ʚʳʩʦʢʦ ʘʬʬʠʥʥʳʝ ʭʝʣʘʪʦʨʳ Fe(III), ʩʠʜʝʨʦʬʦʨʳ. 

ʆʜʥʦʢʣʝʪʦʯʥʘʷ ʮʠʘʥʦʙʘʢʪʝʨʠʷ Synechocystis sp. PCC 6803 (ʜʘʣʝʝ Synechocystis), ʰʠʨʦʢʦ 

ʠʟʚʝʩʪʥʳʡ ʤʦʜʝʣʴʥʳʡ ʦʙʲʝʢʪ ʠʟʫʯʝʥʠʷ ʦʢʩʠʛʝʥʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʘ, ʥʝ ʩʠʥʪʝʟʠʨʫʝʪ ʩʦʙʩʪʚʝʥʥʳʝ 

ʩʠʜʝʨʦʬʦʨʳ, ʦʜʥʘʢʦ ʝʝ ʛʝʥʦʤ ʢʦʜʠʨʫʝʪ ʚʩʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ 

ʩʠʜʝʨʦʬʦʨʘʤʠ ʧʫʪʠ ʪʨʘʥʩʧʦʨʪʘ Fe(III). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʪʘʢʦʛʦ ʧʫʪʠ ʫ Synechocystis ʜʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʦʜʥʘʢʦ ʧʫʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʞʝʣʝʟʘ, ʚʢʣʶʯʘʶʱʠʡ ʚʳʩʚʦʙʦʞʜʝʥʠʝ Fe(III) ʠʟ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ Fe-

ʩʠʜʝʨʦʬʦʨʦʚ, ʚ ʨʘʩʪʚʦʨʠʤʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ Fe(II), ʙʳʣ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ. ʅʘʤʠ 

ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ Synechocystis ʩʧʦʩʦʙʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʞʝʣʝʟʘ ʜʣʷ ʨʦʩʪʘ ʯʫʞʝʨʦʜʥʳʝ (ʢʩʝʥʦ-) ʩʠʜʝʨʦʬʦʨʳ, ʘ ʠʤʝʥʥʦ ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʳʝ 

ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʳ, Fe-hʠʟʦʢʠʥʠʥ (FeSK) ʣʠʙʦ ʩʠʜʝʨʦʬʦʨ ʥʠʪʯʘʪʦʡ ʮʠʘʥʦʙʘʢʪʝʨʠʠ Anabaena 

variabilis ATCC 29413 (SAV). ʉ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʤʳ ʠʥʘʢʪʠʚʠʨʦʚʘʣʠ 14 

ʛʝʥʦʚ Synechocystis, ʢʦʜʠʨʫʶʱʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʘ Fe-ʩʠʜʝʨʦʬʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʤʠ ʚʳʷʚʣʝʥʦ 

8 ʛʝʥʦʚ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʧʨʷʤʦʡ ʧʝʨʝʥʦʩ FeSK ʠʣʠ SAV ʠʟ ʩʨʝʜʳ ʯʝʨʝʟ ʜʚʝ 

ʤʝʤʙʨʘʥʳ ʚ ʮʠʪʦʧʣʘʟʤʫ ʢʣʝʪʢʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʥʘʢʪʠʚʘʮʠʷ ʛʝʥʦʚ feoB ʠʣʠ futB ʠ futC, 

ʢʦʜʠʨʫʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʤʧʦʥʝʥʪʳ ʦʩʥʦʚʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ Fe(II) 

ʠʣʠ Fe(III) ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ ʤʝʤʙʨʘʥʫ, ʥʝ ʥʘʨʫʰʘʣʘ ʩʧʦʩʦʙʥʦʩʪʴ Synechocystis 

ʫʪʠʣʠʟʠʨʦʚʘʪʴ FeSK ʠʣʠ SAV ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʞʝʣʝʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʥʝ ʧʨʦʜʫʮʠʨʫʶʱʘʷ ʩʦʙʩʪʚʝʥʥʳʝ ʩʠʜʝʨʦʬʦʨʳ 

ʮʠʘʥʦʙʘʢʪʝʨʠʷ Synechocystis ʤʦʞʝʪ ʣʝʛʢʦ ʧʦʛʣʦʱʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʳ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʜʣʷ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʧʨʷʤʳʤ ʧʫʪʝʤ ʪʨʘʥʩʧʦʨʪʘ ʙʝʟ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

Fe(III) ʚ ʧʝʨʠʧʣʘʟʤʝ. 
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ɺʚʝʜʝʥʠʝ 

 

ʎʠʘʥʦʙʘʢʪʝʨʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʜʨʝʚʥʝʡʰʠʭ ʦʨʛʘʥʠʟʤʦʚ; ʠʭ ʠʩʢʦʧʘʝʤʳʤ ʦʩʪʘʥʢʘʤ 

ʦʢʦʣʦ 3,5 ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ [39]. ɺʝʨʦʷʪʥʦ, ʦʥʠ ʙʳʣʠ ʧʝʨʚʳʤʠ ʦʙʣʘʜʘʪʝʣʷʤʠ ʦʢʩʠʛʝʥʥʦʛʦ 

ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʩʳʛʨʘʣʠ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʥʘʢʦʧʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʯʪʦ 

ʢʘʨʜʠʥʘʣʴʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʵʚʦʣʶʮʠʶ ʞʠʟʥʠ. ʂʘʢ ʧʦʣʘʛʘʝʪ ʪʝʦʨʠʷ ʵʥʜʦʩʠʤʙʠʦʟʘ, ʭʣʦʨʦʧʣʘʩʪʳ 

ʨʘʩʪʝʥʠʡ ʧʨʦʠʟʦʰʣʠ ʦʪ ʜʨʝʚʥʠʭ ʮʠʘʥʦʙʘʢʪʝʨʠʡ, ʯʝʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʩʠʩʪʝʤ 

ʬʦʪʦʩʠʥʪʝʟʘ ʫ ʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʠʘʥʦʙʘʢʪʝʨʠʠ ʦʙʠʪʘʶʪ ʚ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰʘʭ ʦʪ ʧʦʯʚʳ ʠ ʧʨʝʩʥʳʭ ʚʦʜ ʜʦ ʦʢʝʘʥʦʚ ʠ ʩʣʫʞʘʪ ʦʜʥʠʤʠ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ ʙʠʦʩʬʝʨʳ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʠ ʧʝʨʚʳʤʠ ʢʦʣʦʥʠʟʠʨʫʶʪ 

ʟʘʩʫʰʣʠʚʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʠ ʤʥʦʛʠʝ ʚʠʜʳ ʬʠʢʩʠʨʫʶʪ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ [13]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʢʣʘʜ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʚ ʦʙʱʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʙʠʦʩʬʝʨʳ ʜʦʩʪʠʛʘʝʪ 25% [10; 14], ʘ ʚ 

ʬʠʢʩʘʮʠʶ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ ʚ ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ ï 50% [21; 22]. 

ɾʝʣʝʟʦ, ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʚʘʞʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʦʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʷʭ ʢʣʝʪʢʠ, ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ ʜʣʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʯʘʩʪʠ ʙʘʢʪʝʨʠʡ 

[3]. ʆʜʥʘʢʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʝʪʝʨʦʪʨʦʬʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʩ Escherichia coli, 

ʮʠʘʥʦʙʘʢʪʝʨʠʠ ʠʤʝʶʪ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʞʝʣʝʟʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʙʦʛʘʪʳʭ ʵʪʠʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ ʬʦʪʦʩʠʩʪʝʤ [4; 23]. 

ɺ ʩʦʜʝʨʞʘʱʝʡ ʢʠʩʣʦʨʦʜ ʚʦʜʥʦʡ ʩʨʝʜʝ ʞʝʣʝʟʦ ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʝ Fe(III) [7; 8], ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʯʨʝʟʚʳʯʘʡʥʦ 

ʥʠʟʢʦʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ [12; 15], ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʦʛʨʘʥʠʯʝʥʠʷ ʨʦʩʪʘ 

ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʚ ʤʝʩʪʘʭ ʠʭ ʦʙʠʪʘʥʠʷ [6; 29; 48]. ʇʦʵʪʦʤʫ ʦʙʣʘʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʫʩʚʦʝʥʠʷ ʞʝʣʝʟʘ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʮʠʘʥʦʙʘʢʪʝʨʠʡ [46]. ʆʜʠʥ ʠʟ ʪʘʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʚʳʷʚʣʝʥʥʳʡ ʫ ʨʘʟʣʠʯʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʛʨʠʙʦʚ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʥʪʝʟ, ʩʝʢʨʝʮʠʶ ʠ 

ʚʦʟʚʨʘʪʥʳʡ ʪʨʘʥʩʧʦʨʪ ʚ ʮʠʪʦʧʣʘʟʤʫ ʥʝʙʦʣʴʰʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʩʠʜʝʨʦʬʦʨʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʯʨʝʟʚʳʯʘʡʥʦ ʩʠʣʴʥʳʤ ʩʨʦʜʩʪʚʦʤ ʢ Fe(III) [32; 45]. ɺʳʜʝʣʷʝʤʳʝ ʚ ʩʨʝʜʫ 

ʜʝʩʬʝʨʨʠ-ʩʠʜʝʨʦʬʦʨʳ ʨʘʩʪʚʦʨʷʶʪ ʠ ʩʚʷʟʳʚʘʶʪ Fe(III), ʘ ʟʘʪʝʤ ʚ ʬʦʨʤʝ Fe-ʩʠʜʝʨʦʬʦʨʦʚ 

ʘʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʪʩʷ ʢʣʝʪʢʦʡ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʷʤʦʛʦ ʧʝʨʝʥʦʩʘ Fe-ʩʠʜʝʨʦʬʦʨʦʚ ʚ 

ʮʠʪʦʧʣʘʟʤʫ ʭʦʨʦʰʦ ʠʟʫʯʝʥ ʫ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʙʘʢʪʝʨʠʡ [11; 35]. 

ɼʘʚʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʮʠʘʥʦʙʘʢʪʝʨʠʠ ʩʧʦʩʦʙʥʳ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠ ʫʪʠʣʠʟʠʨʦʚʘʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʩʠʜʝʨʦʬʦʨʳ, ʠ ʵʪʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ-ʧʨʝʞʥʝʤʫ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ [27; 49]. 

ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʠʭ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʷʚʣʝʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʙʠʦʩʠʥʪʝʟʘ ʠ ʩʝʢʨʝʮʠʠ ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʦʛʦ ʩʠʜʝʨʦʬʦʨʘ ʰʠʟʦʢʠʥʠʥʘ (SK), ʘ ʪʘʢʞʝ 

ʝʛʦ ʫʪʠʣʠʟʘʮʠʠ ʚ ʬʦʨʤʝ Fe-h ʠʟʦʢʠʥʠʥʘ (FeSK), ʦʩʪʘʝʪʩʷ ʥʠʪʯʘʪʘʷ ʘʟʦʪʬʠʢʩʠʨʫʶʱʘʷ 

ʮʠʘʥʦʙʘʢʪʝʨʠʷ Anabaena sp. PCC 7120 (ʜʘʣʝʝ Anabaena 7120) [41; 36; 37]. 
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ʆʙʲʝʢʪ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʜʥʦʢʣʝʪʦʯʥʘʷ ʮʠʘʥʦʙʘʢʪʝʨʠʷ Synechocystis, ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʦʢʩʠʛʝʥʥʦʛʦ 

ʬʦʪʦʩʠʥʪʝʟʘ, ʥʦ ʠ ʩʠʩʪʝʤ ʧʦʛʣʦʱʝʥʠʷ ʞʝʣʝʟʘ ʫ ʮʠʘʥʦʙʘʢʪʝʨʠʡ. ʇʦʩʢʦʣʴʢʫ Synechocystis 

ʣʠʰʝʥʘ ʛʝʥʦʚ ʙʠʦʩʠʥʪʝʟʘ ʠ ʩʝʢʨʝʮʠʠ ʩʠʜʝʨʦʬʦʨʦʚ, ʠ ʝʝ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʮʠʨʦʚʘʪʴ 

ʩʠʜʝʨʦʬʦʨʳ ʜʦʢʘʟʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʩʣʦʞʠʣʦʩʴ ʦʙʱʝʝ ʠʤʧʝʨʘʪʠʚʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʧʨʠʦʨʠʪʝʪʥʦʡ ʩʪʨʘʪʝʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʞʝʣʝʟʘ, ʠ ʩʚʦʙʦʜʥʦʛʦ ʠ ʦʨʛʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʛʦ, ʫ 

ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʟʘ ʩʯʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Fe(III) ʚ ʧʝʨʠʧʣʘʟʤʝ. ʆʜʥʘʢʦ ʢʦʜʠʨʦʚʘʥʠʝ ʛʝʥʦʤʦʤ 

Synechocystis ʚʩʝʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʷʤʦʛʦ ʠʤʧʦʨʪʘ Fe-ʩʠʜʝʨʦʬʦʨʦʚ 

ʧʨʝʜʧʦʣʘʛʘʣʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫ ʥʝʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʠʜʝʨʦʬʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʧʫʪʠ 

ʧʦʛʣʦʱʝʥʠʷ ʞʝʣʝʟʘ. ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ 

ʜʚʝ ʟʘʜʘʯʠ: (1) ʚʳʷʚʠʪʴ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʞʝʣʝʟʘ 

ʜʣʷ Synechocystis, ʠ (2) ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʣʷ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʛʝʥʳ 

Synechocystis. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤ ʜʠʢʦʛʦ ʪʠʧʘ (WT; çʄʦʩʢʦʚʩʢʠʡ ʚʘʨʠʘʥʪè) Synechocystis 

ʠ ʤʫʪʘʥʪʳ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʥʘʤʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʰʪʘʤʤ WT ʥʠʪʯʘʪʦʡ 

ʮʠʘʥʦʙʘʢʪʝʨʠʠ Anabaena variabilis ATCC 29413 (ʜʘʣʝʝ A. variabilis) ʚ ʨʦʣʠ ʧʨʦʜʫʮʝʥʪʘ 

ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʘ SAV [44]. ʎʠʘʥʦʙʘʢʪʝʨʠʠ ʚʳʨʘʱʠʚʘʣʠ ʧʨʠ 30ÁC ʬʦʪʦʘʚʪʦʪʨʦʬʥʦ (ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʦʩʚʝʱʝʥʠʠ ʙʝʟ ʵʢʟʦʛʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ) ʣʠʙʦ ʥʘ ʧʣʦʪʥʦʡ (ʩʦʜʝʨʞʘʱʝʡ 

0,9% ʘʛʘʨʘ) ʣʠʙʦ ʚ ʞʠʜʢʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ YBG11 [38]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʭʦʟʷʠʥʘ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ɼʅʂ-ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʤʫʪʘʥʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʮʝʣʝʚʳʭ 

ʛʝʥʦʚ Synechocystis, ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤ Escherichia coli NM522 (ʜʘʣʝʝ E. coli) [18]. ʂʣʝʪʢʠ E. 

coli ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʨʠ 37ÁC ʚ ʪʝʯʝʥʠʝ 18 ʯ ʣʠʙʦ ʚ ʞʠʜʢʦʡ, ʣʠʙʦ ʥʘ ʧʣʦʪʥʦʡ (1,5% ʘʛʘʨʘ) 

ʙʦʛʘʪʦʡ ʩʨʝʜʝ LB [1] ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʘʥʪʠʙʠʦʪʠʢʘ, ʛʝʥʪʘʤʠʮʠʥʘ (Gm), 

ʢʘʥʘʤʠʮʠʥʘ (Km) ʠʣʠ ʩʧʝʢʪʠʥʦʤʠʮʠʥʘ (Sp), ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʘʛʝʥʪʘ ʩ ʮʝʣʴʶ 

ʠʟʦʣʠʨʦʚʘʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʥʫʞʥʦʛʦ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʢʣʦʥʘ. ɺʩʝ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʰʪʘʤʤʳ, 

ʚʢʣʶʯʘʷ ʤʫʪʘʥʪʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ, ʩʦʭʨʘʥʷʣʠ ʚ ʢʦʣʣʝʢʮʠʠ ʢʘʬʝʜʨʳ ʛʝʥʝʪʠʢʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ. 

ɺ ʨʦʣʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ɻ ʬʬʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʞʝʣʝʟʘ ʜʣʷ Synechocystis 

ʪʝʩʪʠʨʦʚʘʣʠ 5 ʛʠʜʨʦʢʩʘʤʘʪʥʳʭ Fe-ʩʠʜʝʨʦʬʦʨʦʚ, 4 ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʣʠʩʴ ʧʨʦʜʫʢʪʘʤʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ: ʬʝʨʨʠʦʢʩʘʤʠʥ B (FOB) ï Sigma-Aldrich; ʬʝʨʨʠʭʨʦʤ (FCH), 

ʬʝʨʨʠʘʵʨʦʙʘʢʪʠʥ (FeAB) ʠ FeSK ï EMC Microcollections GmbH (ʈʠʩʫʥʦʢ 1). ʇʷʪʳʡ ʧʦ ʩʯʝʪʫ 

ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʳʡ ʩʠʜʝʨʦʬʦʨ SAV ʩ ʥʝʠʟʚʝʩʪʥʦʡ ʜʦʧʦʜʣʠʥʥʦ ʩʪʨʫʢʪʫʨʦʡ [44] ʧʨʠʤʝʥʷʣʠ ʚ 
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ʚʠʜʝ ʩʪʝʨʠʣʴʥʦʛʦ ʬʠʣʴʪʨʘʪʘ ʢʫʣʴʪʫʨʳ A. variabilis, ʚʳʨʘʱʝʥʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʛʦʣʦʜʘʥʠʷ ʧʦ 

ʞʝʣʝʟʫ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ ʚ ʩʨʝʜʝ 

ʙʝʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʞʝʣʝʟʘ, ʩʦʣʠ FeCl3 (YBG11-Fe). 

ɼʘʣʝʝ, ʦʯʝʥʴ ʩʞʘʪʦ, ʦʧʠʩʘʥʳ ʦʙʱʘʷ ʩʪʨʘʪʝʛʠʷ ʠ ʙʘʟʦʚʳʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʠʩʢ ʛʝʥʦʚ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʢʦʥʪʨʦʣʴ ʠʤʧʦʨʪʘ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ ʫ Synechocystis, ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʨʫʪʠʥʥʦʛʦ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʝʝ ʛʝʥʦʤʘ. ʅʘʡʜʝʥʥʳʝ ʛʝʥʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʤʠʰʝʥʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʛʦ ʠʭ ʥʘʧʨʘʚʣʝʥʥʫʶ ʠʥʘʢʪʠʚʘʮʠʶ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʠʟʫʯʝʥʠʝ ʬʝʥʦʪʠʧʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʫʪʘʥʪʦʚ Synechocystis. 

ʉʪʘʥʜʘʨʪʥʳʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʥʘ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ. 

(1) ʇʎʈ-ʘʤʧʣʠʬʠʢʘʮʠʷ ʫʯʘʩʪʢʘ ʛʝʥʦʤʥʦʡ ɼʅʂ ʩ ʛʝʥʦʤ-ʤʠʰʝʥʴʶ ʰʪʘʤʤʘ WT 

Synechocystis. 

(2) ʂʣʦʥʠʨʦʚʘʥʠʝ ʛʝʥʘ ʚ ʚʝʢʪʦʨʥʦʡ ʧʣʘʟʤʠʜʝ ʩ ʦʪʙʦʨʦʤ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʧʣʘʟʤʠʜʳ ʚ E. 

coli. 

(3) ʀʥʘʢʪʠʚʘʮʠʷ ʛʝʥʘ ʚ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʧʣʘʟʤʠʜʝ ʟʘ ʩʯʝʪ ʜʝʣʝʮʠʠ ʠ ʟʘʤʝʱʝʥʠʷ ʛʝʥʘ ʠʣʠ 

ʝʛʦ ʯʘʩʪʠ çʢʘʩʩʝʪʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠè (ʩʦʜʝʨʞʠʪ ʛʝʥ ʫʩʪʦʡʯʠʚʦʩʪʠ) ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʘʥʪʠʙʠʦʪʠʢʫ. 

(4) ʇʦʣʫʯʝʥʠʝ çʛʝʪʝʨʦʟʠʛʦʪʥʦʛʦè ʤʫʪʘʥʪʘ Synechocystis ʩ ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʛʝʥʦʤ-

ʤʠʰʝʥʴʶ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ ʧʣʘʟʤʠʜʦʡ (ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ ʇʎʈ-ʬʨʘʛʤʝʥʪʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ in vitro; ʩʤ. ʩʣʝʜʫʶʱʠʡ ʘʙʟʘʮ) ʢʣʝʪʦʢ 

ʰʪʘʤʤʘ WT ʩ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʚ ʛʝʥʦʤʝ Synechocystis ʛʝʥʘ-ʤʠʰʝʥʠ WT ʝʛʦ 

ʤʫʪʘʥʪʥʦʡ ʧʣʘʟʤʠʜʥʦʡ ʢʦʧʠʝʡ. 

(5) ʆʪʙʦʨ (ʩʝʛʨʝʛʘʮʠʷ) çʛʦʤʦʟʠʛʦʪʥʦʛʦè ʤʫʪʘʥʪʘ Synechocystis ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʝʨʝʩʝʚʦʚ ʦʪʜʝʣʴʥʳʭ ʢʦʣʦʥʠʡ ʥʘ ʧʣʦʪʥʦʡ ʩʨʝʜʝ ʩ ʧʦʚʳʰʘʶʱʝʡʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʝʣʝʢʪʠʚʥʦʛʦ ʘʥʪʠʙʠʦʪʠʢʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʪʦʨʦʤʫ ʜʝʪʝʨʤʠʥʠʨʫʝʪ ʛʝʥ-

ʤʘʨʢʝʨ ʚ ʩʦʩʪʘʚʝ ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʢʦʧʠʠ ʛʝʥʘ-ʤʠʰʝʥʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʛʦʤʦʟʠʛʦʪʥʦʛʦ 

ʩʪʘʪʫʩʘ ʤʫʪʘʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤʠ ʇʎʈ-ʘʥʘʣʠʟʘ. 

(6) ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʦʩʪʘ ʦʪʦʙʨʘʥʥʦʛʦ ʤʫʪʘʥʪʘ ʠ ʰʪʘʤʤʘ WT ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʘ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʞʝʣʝʟʘ ʚ ʩʨʝʜʝ YBG11-Fe. ɽʩʣʠ ʚ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪ ʤʫʪʘʥʪʘ ʙʳʣ ʥʘʨʫʰʝʥ, ʪʦ ʩʣʝʜʦʚʘʣ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ 

ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʛʝʥʘ ʚ ʢʦʥʪʨʦʣʝ ʫʪʠʣʠʟʘʮʠʠ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʘ ʢʣʝʪʢʘʤʠ Synechocystis. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʤʫʪʘʥʪʦʚ Synechocystis ʙʳʣʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʥʘʤʠ ʧʦʜʭʦʜʝ Nikawa, Kawabata, 1998 [33]. ʂʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʵʪʦʡ 

ʩʪʨʘʪʝʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʧʨʷʞʝʥʠʠ ʇʎʈ ʩ ʣʠʛʠʨʦʚʘʥʠʝʤ ʠ çʨʘʩʰʠʨʝʥʠʝʤ ʧʝʨʝʢʨʳʚʘʥʠʷè 
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ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩʫʥʢʘ 2, ʩ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʨʝʢʦʤʙʠʥʘʥʪʥʫʶ ɼʅʂ ʩ ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʛʝʥʦʤ ʚ ʩʝʨʠʠ ʇʎʈ ʙʝʟ ʪʨʫʜʦʝʤʢʦʛʦ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʣʦʥʠʨʦʚʘʥʠʷ in vivo. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ 

ʚʘʞʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ Synechocystis ʢʘʢ ʦʙʲʝʢʪʘ ʛʝʥʝʪʠʢʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ çʤʦʜʝʣʴʥʦʡè E. coli, 

ʛʘʧʣʦʠʜʥʦʡ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʨʦʩʪʘ, ʢʣʝʪʢʘ Synechocystis ʚʳʩʦʢʦ ʧʦʣʠʧʣʦʠʜʥʘ: ʜʦ 60 ʢʦʧʠʡ 

ʭʨʦʤʦʩʦʤʳ (ʛʝʥʦʤʘ) ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ ʠ ʙʦʣʝʝ 200 ï ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ [19]. ʇʦʵʪʦʤʫ 

ʩʦʭʨʘʥʝʥʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʢʦʧʠʠ ʛʝʥʘ WT ʫ ʤʫʪʘʥʪʘ Synechocystis ̫ ʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʝʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʜʝʣʘʝʪ ʝʛʦ ʤʘʣʦʧʨʠʛʦʜʥʳʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. ʆʜʥʘʢʦ 

ʚ ʥʘʰʝ ʚʨʝʤʷ ʚʦʧʨʦʩ çʛʦʤʦʟʠʛʦʪʥʦʛʦ ʩʪʘʪʫʩʘè ʤʫʪʘʥʪʘ Synechocystis ʣʝʛʢʦ ʠ ʥʘʜʝʞʥʦ ʨʝʰʘʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʇʎʈ (ʧʨʠʤʝʨʳ ʥʘ ʈʠʩʫʥʢʝ 4). 

 

 

ʈʠʩ. 1. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ Fe-ʩʠʜʝʨʦʬʦʨʳ ʩ ʧʦʣʥʦʩʪʴʶ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ: (ɸ) 

ʪʨʠʛʠʜʨʦʢʩʘʤʘʪʥʳʝ ʠ (ɹ) ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʳʝ (ʢʘʨʙʦʢʩʠʣʘʪ-ʛʠʜʨʦʢʩʘʤʘʪʥʳʝ). ʎʚʝʪʦʤ ʚʳʜʝʣʝʥʳ 

ʭʠʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʛʝʢʩʘʜʝʥʪʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʠʜʝʨʦʬʦʨʘ ʩ Fe(III), 

ʟʝʣʝʥʳʤ ï ʛʠʜʨʦʢʩʘʤʘʪʥʳʝ, ʩʠʥʠʤ ï ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ. ʀʣʣʶʩʪʨʘʮʠʠ (ʩ ʥʝʙʦʣʴʰʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ) ʠ ʠʭ 

ʠʩʪʦʯʥʠʢʠ: FOB ʠʟ ʦʙʟʦʨʘ [16]; FCH, FeAB ʠ FeSK ʠʟ ʢʘʪʘʣʦʛʘ EMC Microcollections GmbH 

(2018/2019). 
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ʈʠʩ. 2. ʉʪʨʘʪʝʛʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʠʥʘʢʪʠʚʘʮʠʠ ʛʝʥʦʚ Synechocystis, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʥʘʤʠ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʦʣʫʩʪʨʝʣʢʠ ï ʧʨʘʡʤʝʨʳ ʇʎʈ: F1, R1, F2 ʠ R2 ʢ ʛʝʥʫ ʍ (ʟʝʣʝʥʳʡ) ʣʠʙʦ Fc ʠ 

Rc ʢ ʢʘʩʩʝʪʝ Gmr ʠʣʠ Kmr (ʢʨʘʩʥʘʷ ʩʪʨʝʣʢʘ ʩ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʬʣʘʥʛʘʤʠ). ɼʅʂ-ʧʨʦʜʫʢʪʳ Pfu-ʇʎʈ ʠ 

ʢʘʩʩʝʪʘ Gmr/Kmr ʠʤʝʶʪ ʪʫʧʳʝ ʢʦʥʮʳ, ʢʦʪʦʨʳʝ ʩʚʦʙʦʜʥʦ ʩʰʠʚʘʶʪʩʷ ɼʅʂ-ʣʠʛʘʟʦʡ (ʣʠʛʠʨʦʚʘʥʠʝ). ɺ 

ʩʘʤʦʤ ʥʠʟʫ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʭʘʥʠʟʤ ʟʘʤʝʱʝʥʠʷ ʛʝʥʘ ʍ ʚ ʭʨʦʤʦʩʦʤʝ (ʛʝʥʦʤʝ) ʝʛʦ ʤʫʪʘʥʪʥʳʤ 
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ʧʨʦʠʟʚʦʜʥʳʤ ʟʘ ʩʯʝʪ ʜʚʫʭ ʘʢʪʦʚ ʛʦʤʦʣʦʛʠʯʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʠʣʠ ʜʚʦʡʥʦʛʦ ʢʨʦʩʩʠʥʛʦʚʝʨʘ (ʠʢʩʦʙʨʘʟʥʦ 

ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʰʪʨʠʭʦʚʳʝ ʦʪʨʝʟʢʠ), ʧʦ ʬʣʘʥʛʘʤ ʛʝʥʘ ʠ ʢʘʩʩʝʪʳ Gmr/Kmr. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

 

TonB-ʟʘʚʠʩʠʤʘʷ ʫʪʠʣʠʟʘʮʠʷ ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʳʭ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ ʮʠʘʥʦʙʘʢʪʝʨʠʝʡ 

Synechocystis 

ɹʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʝʥʦʤʘ Synechocystis ʚʳʷʚʠʣ ʚ ʥʝʤ 14 ʛʝʥʦʚ 

ʧʨʝʜʩʢʘʟʳʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʘʥʩʧʦʨʪʘ Fe-ʩʠʜʝʨʦʬʦʨʦʚ [20; 24]: 4 ʛʝʥʘ (schT, fhuA1, -A2 ʠ 

-A3) TonB-ʟʘʚʠʩʠʤʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ (TBDTs) ʥʘʨʫʞʥʦʡ ʤʝʤʙʨʘʥʳ; 4 ʛʝʥʘ (fecB1, -B2, -B3 ʠ -

B4) ʧʝʨʠʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʩʚʷʟʳʚʘʶʱʠʭ [ʩʠʜʝʨʦʬʦʨ] ʙʝʣʢʦʚ (PBPs); 3 ʛʝʥʘ (fecC, -D ʠ -E) 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʨʦʚʦʛʦ ABC-ʪʨʘʥʩʧʦʨʪʝʨʘ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ, ʘ ʪʘʢʞʝ 3 ʛʝʥʘ (tonB, exbB1 

ʠ exbD1) ʢʦʤʧʦʥʝʥʪʦʚ TonB-ʩʠʩʪʝʤʳ (ʈʠʩʫʥʦʢ 3). ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʢʦʩʚʝʥʥʳʤʠ ʫʢʘʟʘʥʠʷʤʠ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʩʫʙʩʪʨʘʪʥʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ TBDTs Synechocystis, ʤʳ 

ʚʳʙʨʘʣʠ 5 ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʩʣʫʞʠʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʞʝʣʝʟʘ ʜʣʷ ʨʦʩʪʘ ʜʘʥʥʦʡ ʮʠʘʥʦʙʘʢʪʝʨʠʠ. ʂʦʥʢʨʝʪʥʦ, ʵʪʦ 2 ʪʨʠʛʠʜʨʦʢʩʘʤʘʪʥʳʭ 

ʬʝʨʨʠʩʠʜʝʨʦʬʦʨʘ, FCH ʠ FOB, ʠ 3 ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʳʭ ï FeAB, FeSK (ʈʠʩʫʥʦʢ 1), ʘ ʪʘʢʞʝ 

ʩʠʜʝʨʦʬʦʨ SAV A. variabilis, ʜʝʪʘʣʴʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʥʝ ʨʘʩʰʠʬʨʦʚʘʥʘ [44]. 

 

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʤʫʪʘʥʪʦʚ ȹtonB ʠ ȹexbBD1 Synechocystis 

ɽʱʝ ʚ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʳʡ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨ 

FeSK ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʨʝʜʫ YBG11-Fe ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʦʨʤʘʣʴʥʳʡ ʨʦʩʪ ʰʪʘʤʤʘ WT 

ʮʠʘʥʦʙʘʢʪʝʨʠʠ Synechocystis ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʣʷ ʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʞʝʣʝʟʘ. ʉʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ TonB-ʟʘʚʠʩʠʤʦʛʦ ʪʨʘʥʩʧʦʨʪʘ Fe-

ʩʠʜʝʨʦʬʦʨʦʚ ʫ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʫʪʠʣʠʟʘʮʠʷ 

ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʘ ʢʣʝʪʢʘʤʠ Synechocystis ʟʘʚʠʩʠʪ ʦʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʝʝ ʩʠʩʪʝʤʳ TonB-

ExbB-ExbD. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʘʤʠ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʤʫʪʘʥʪʳ 

Synechocystis ȹtonB ʠ ȹexbBD1 ʩ ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʛʝʥʘʤʠ tonB ʠ exbB1-exbD1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 4). ɿʜʝʩʴ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʈʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʇʎʈ-ʘʥʘʣʠʟʘ ʝʱʝ 4 ʤʫʪʘʥʪʦʚ, ȹfhuA2, ȹfeoB, ȹfutC ʠ ȹfutB, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ 

ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʣʦʛʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʤʫʪʘʥʪʘʤʠ ȹtonB ʠ ȹexbBD1. ʇʦʩʢʦʣʴʢʫ ʧʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʵʪʠʭ 6 ʤʫʪʘʥʪʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʪʝʨʝʦʪʠʧʥʳʤ ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʜʘʣʝʝ ʩ ʮʝʣʴʶ ʦʙʣʝʛʯʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ ʩʪʘʪʴʠ ʦʧʫʱʝʥʳ ʜʝʪʘʣʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʘʣʠʟʘ 10 

ʜʨʫʛʠʭ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʤʫʪʘʥʪʦʚ (ʩʤ. ʈʠʩʫʥʦʢ 7). 
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ʈʠʩ. 3. ʂʣʘʩʪʝʨ ʛʝʥʦʚ Synechocystis, 14 ʠʟ ʢʦʪʦʨʳʭ ʢʦʜʠʨʫʶʪ ʚʩʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʙʝʣʢʠ ʜʣʷ 

ʧʦʛʣʦʪʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ Fe-ʩʠʜʝʨʦʬʦʨʦʚ [20; 24]. ɻʝʥʳ ʩ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʟʘʢʨʘʰʝʥʳ ʨʘʟʥʳʤ ʮʚʝʪʦʤ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʝʨʳʤ ï ʪʨʠ ʛʝʥʘ TonB-ʩʠʩʪʝʤʳ, tonB, exbB1 ʠ 

exbD1. ʂʨʘʩʥʳʤ ʚʳʜʝʣʝʥʳ 3 ʛʝʥʘ ʚʦʟʤʦʞʥʳʭ AraC-ʧʦʜʦʙʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʬʫʥʢʮʠʠ 

ʢʦʪʦʨʳʭ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʝ ʦʙʩʫʞʜʘʶʪʩʷ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʢʘʟʘʥ ʩʭʦʜʥʳʡ ʦʪʨʝʟʦʢ ʛʝʥʦʤʘ 

ʮʠʘʥʦʙʘʢʪʝʨʠʠ Anabaena 7120, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ fecB1 ʠ iutA2 (ʩʪʨʫʢʪʫʨʥʳʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʛʦʤʦʣʦʛ schT Anabaena 7120) ʫʯʘʩʪʚʫʶʪ ʚ ʢʦʥʪʨʦʣʝ ʠʤʧʦʨʪʘ ʝʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʠʜʝʨʦʬʦʨʘ FeSK [37]. 

ʊʄ ï ʪʨʘʥʩʤʝʤʙʨʘʥʥʘʷ (ʧʝʨʤʝʘʟʘ); IM ï ʩʚʷʟʘʥʥʘʷ ʩ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʦʡ (ɸʊʌʘʟʘ); ʦʩʪʘʣʴʥʳʝ 

ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʲʷʩʥʝʥʳ ʚ ʪʝʢʩʪʝ. 

 

ʈʠʩ. 4. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʛʦʤʦʟʠʛʦʪʥʦʛʦ ʩʪʘʪʫʩʘ ʤʫʪʘʥʪʦʚ ȹfhuA 2, ȹexbBD1, 

ȹtonB, ȹfeoB, ȹfutC ʠ ȹfutB Synechocystis. (ɸ) ɼʝʣʝʮʠʦʥʥʦ-ʠʥʩʝʨʮʠʦʥʥʘʷ ʠʥʘʢʪʠʚʘʮʠʷ ʛʝʥʦʚ fhuA2, 

exbB1-exbD1, tonB, feoB, futC ʠ futB ʫ ʤʫʪʘʥʪʦʚ. ɹʝʣʳʝ ʫʯʘʩʪʢʠ ʛʝʥʦʚ ï ʜʝʣʝʮʠʠ; ʩʚʝʪʣʦ-ʩʝʨʳʝ ʩʪʨʝʣʢʠ, 

ʧʨʦʝʮʠʨʫʝʤʳʝ ʩʚʝʨʭʫ ʥʘ ʜʝʣʝʮʠʠ ï ʠʥʩʝʨʮʠʠ ʢʘʩʩʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ Kmr, Gmr ʠʣʠ Spr. ʆʪʨʝʟʢʠ, 
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ʥʘʜʧʠʩʘʥʥʳʝ ʠʤʝʥʘʤʠ ʛʝʥʦʚ ï ʫʯʘʩʪʢʠ ʛʝʥʦʤʘ ʜʣʷ ʇʎʈ-ʘʥʘʣʠʟʘ; ʥʫʤʝʨʦʚʘʥʥʳʝ ʩʪʨʝʣʢʠ ʧʦʜ ʥʠʤʠ ï 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʘʡʤʝʨʳ (ʜʣʷ ʧʨʦʩʪʦʪʳ ʙʝʟ ʥʘʟʚʘʥʠʡ). (ɹ) ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʘʛʘʨʦʟʥʳʭ ʛʝʣʝʡ ʩ 

ʧʨʦʜʫʢʪʘʤʠ ʇʎʈ-ʘʥʘʣʠʟʘ ʛʝʥʦʤʦʚ ʤʫʪʘʥʪʦʚ ʠ ʰʪʘʤʤʘ WT (ʢʦʥʪʨʦʣʴ). ʆʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʬʨʘʛʤʝʥʪʘ (ʧʦʣʦʩʳ) ɼʅʂ ʰʪʘʤʤʘ WT ʚ ʇʎʈ-ʧʨʦʙʝ ʤʫʪʘʥʪʘ ʜʦʢʘʟʳʚʘʝʪ ʝʛʦ ʛʦʤʦʟʠʛʦʪʥʦʩʪʴ. M ï ɼʅʂ-

ʤʘʨʢʝʨʳ (ʪʧʥ). 

 

ʂʩʝʥʦʩʠʜʝʨʦʬʦʨʳ ʪʨʠʛʠʜʨʦʢʩʘʤʘʪʥʦʛʦ ʪʠʧʘ FCH ʠ FOB ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʦʩʪ Synechocystis 

ʞʝʣʝʟʦʤ 

ɺ ʚʳʰʝʦʧʠʩʘʥʥʦʤ ʢʣʘʩʪʝʨʝ ʛʝʥʦʤʘ Synechocystis ʪʨʠ ʛʝʥʘ, fhuA1, -A2 ʠ -A3, ʢʦʜʠʨʫʶʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ TBDTs Fe-ʩʠʜʝʨʦʬʦʨʦʚ ʪʨʠʛʠʜʨʦʢʩʘʤʘʪʥʦʛʦ ʪʠʧʘ [20; 24] (ʈʠʩʫʥʦʢ 3). ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʈʠʩʫʥʢʘ 5 (ɸ, ɹ), ʰʪʘʤʤ WT ʠ ʤʫʪʘʥʪʳ ȹtonB ʠ ȹexbBD1 ʧʣʦʭʦ ʨʦʩʣʠ ʚ ʩʨʝʜʝ YBG11-

Fe, ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ FCH ʠ FOB ʫʨʦʚʥʠ ʠʭ ʨʦʩʪʘ ʜʘʞʝ ʝʱʝ ʙʦʣʴʰʝ ʩʥʠʞʘʣʠʩʴ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʠʛʠʜʨʦʢʩʘʤʘʪʥʳʝ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʳ FCH ʠ FOB ʥʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʠʩʪʦʯʥʠʢʘʤʠ ʞʝʣʝʟʘ ʜʣʷ Synechocystis. 

 

 

ʈʠʩ. 5. ɼʝʚʷʪʠʜʥʝʚʥʳʝ ʢʫʣʴʪʫʨʳ ʰʪʘʤʤʘ WT ʠ ʤʫʪʘʥʪʦʚ ȹtonB ʠ ȹexbBD1 Synechocystis ʚ ʩʨʝʜʝ 

YBG11-Fe (ʙʝʟ ʞʝʣʝʟʘ; ïFe) ʣʠʙʦ ʚ ʥʝʡ ʞʝ, ʥʦ ʩ 10 ʤʢʄ ʪʨʠʛʠʜʨʦʢʩʘʤʘʪʥʳʭ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ FCH 

ʠʣʠ FOB. (ɸ) ʌʦʪʦʛʨʘʬʠʠ ʠ (ɹ) ʟʥʘʯʝʥʠʷ OD750 ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʫʣʴʪʫʨ (ʩʨʝʜʥʠʝ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ 3 ʥʝʟʘʚʠʩʠʤʳʭ ʦʧʳʪʘʭ). ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʥʪʨʦʣʠ (+Fe): ʢʫʣʴʪʫʨʳ ʚ ʩʪʘʥʜʘʨʪʥʦʡ 

ʩʨʝʜʝ YBG11. 

 

ʂʩʝʥʦʩʠʜʝʨʦʬʦʨʳ FeSK ʠ SAV ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʦʛʦ ʪʠʧʘ ʩʣʫʞʘʪ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʞʝʣʝʟʘ ʜʣʷ Synechocystis, ʠ ʠʭ ʧʦʛʣʦʱʝʥʠʝ ʮʠʘʥʦʙʘʢʪʝʨʠʝʡ ʟʘʚʠʩʠʪ ʦʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ TonB-ExbB1-ExbD1 
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ʀʟʚʝʩʪʥʳʤʠ ʧʨʦʜʫʮʝʥʪʘʤʠ SK ʠ SAV ʚ ʤʝʩʪʘʭ ʦʙʠʪʘʥʠʷ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʷʚʣʷʶʪʩʷ ʠʭ 

ʥʠʪʯʘʪʳʝ ʬʦʨʤʳ ʨʦʜʘ Anabaena: SK ï Anabaena sp. PCC 6411 [40] ʠ Anabaena sp. PCC 7120 

[17], SAV ï A. variabilis [44]. ʕʪʠ ʜʚʘ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʘ, ʘ ʪʘʢʞʝ FeAB ʪʦʛʦ ʞʝ ʪʠʧʘ, ʙʳʣʠ 

ʧʨʦʚʝʨʝʥʳ ʥʘʤʠ ʚ ʨʦʣʠ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʞʝʣʝʟʘ ʜʣʷ Synechocystis. ʊʘʢ ʞʝ, ʢʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚʳʰʝ (ʈʠʩʫʥʦʢ 5), ʰʪʘʤʤ WT ʠ ʤʫʪʘʥʪʳ ȹtonB ʠ ȹexbBD1 ʧʣʦʭʦ ʨʦʩʣʠ ʚ ʩʨʝʜʝ 

YBG11-Fe (ʈʠʩʫʥʦʢ 6, ɸ ʠ ɹ). ʆʜʥʘʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ FeSK ʠʣʠ SAV ʨʦʩʪ ʰʪʘʤʤʘ WT, ʥʦ ʥʝ 

ʤʫʪʘʥʪʦʚ (ʯʪʦ ʚʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ), ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʩʷ. ʊʨʝʪʠʡ 

ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʳʡ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨ FeAB ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣ ʨʦʩʪ ʥʠ ʦʜʥʦʛʦ ʠʟ ʪʨʝʭ 

ʩʨʘʚʥʠʚʘʝʤʳʭ ʰʪʘʤʤʦʚ ʚ ʩʨʝʜʝ ʙʝʟ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ (ʈʠʩʫʥʦʢ 6, ɸ ʠ ɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʰʪʘʤʤ WT Synechocystis ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʳ FeSK ʠ SAV ʚ 

ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʞʝʣʝʟʘ, ʪʦʛʜʘ ʢʘʢ ʤʫʪʘʥʪʳ ȹtonB ʠ ȹexbBD1, ʥʘʧʨʦʪʠʚ, 

ʥʝ ʤʦʛʫʪ. 

ʇʦʩʢʦʣʴʢʫ ʛʝʥʳ exbB1-exbD1 ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʠʥ ʦʧʝʨʦʥ ʩʦ ʩʣʝʜʫʶʱʠʤ ʟʘ ʥʠʤʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʤ fhuA2 (ĄexbB1-exbD1-fhuA2) [25; 43], ʦʙʥʘʨʫʞʝʥʥʳʡ 

ʬʝʥʦʪʠʧ ʤʫʪʘʥʪʘ ȹexbBD1 ʤʦʛ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ çʧʦʣʷʨʥʦʡè ʠʥʘʢʪʠʚʘʮʠʝʡ ʛʝʥʘ fhuA2, 

ʢʦʜʠʨʫʶʱʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ TBDT [20; 24]. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʠ ʧʦʣʥʦʩʪʴʶ 

ʩʝʛʨʝʛʠʨʦʚʘʥ ʤʫʪʘʥʪ ȹfhuA2 (ʈʠʩʫʥʦʢ 4, ɸ, ɹ), ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʦʛʦ, ʦʜʥʘʢʦ, ʥʝ ʚʳʷʚʠʣʦ ʢʘʢʠʭ-

ʣʠʙʦ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʥʠʤ ʠ ʰʪʘʤʤʦʤ WT ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʮʠʘʥʦʙʘʢʪʝʨʠʝʡ Synechocystis ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ 

ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʦʛʦ ʪʠʧʘ FeSK ʠ SAV, ɻʬʬʝʢʪʠʚʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʝʝ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʞʝʣʝʟʝ, 

ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘ TonB-ExbB1-ExbD1. ʅʘʧʨʦʪʠʚ, ʙʝʣʦʢ FhuA2, ʧʦʪʝʥʮʠʘʣʴʥʳʡ TBDT 

Synechocystis, ʥʝ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʭ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ. 

 

ɻʝʥʳ feoB, futB ʠ futC ʥʝ ʚʦʚʣʝʯʝʥʳ ʚ ʢʦʥʪʨʦʣʴ ʧʦʛʣʦʱʝʥʠʷ ʞʝʣʝʟʘ ʠʟ FeSK ʠ SAV 

ʮʠʘʥʦʙʘʢʪʝʨʠʝʡ Synechocystis 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫ Synechocystis ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Fʝ(III) ʚʳʜʝʣʷʝʪʩʷ ʠʟ 

ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʦʛʦ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʘ FeAB ʚ ʧʝʨʠʧʣʘʟʤʝ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ Fe(II) [26; 

28], ʢʦʪʦʨʦʝ, ʦʜʥʘʢʦ, ʚʦʟʚʨʘʪʥʦ ʦʢʠʩʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʘʚʪʦʪʨʦʬʥʦʛʦ ʨʦʩʪʘ [47]. ʄʳ 

ʧʦʣʘʛʘʣʠ, ʯʪʦ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʳ FeSK ʠ SAV ʤʦʛʫʪ ʪʝʤ ʞʝ ʩʧʦʩʦʙʦʤ ʩʣʫʞʠʪʴ ʜʣʷ Synechocystis 

ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʦʙʦʜʥʦʛʦ ʞʝʣʝʟʘ ʚ ʜʚʫʭ ʬʦʨʤʘʭ, Fe(II) ʠ Fe(III), ʧʝʨʝʥʦʩʠʤʳʭ ʜʘʣʝʝ ʚ 

ʮʠʪʦʧʣʘʟʤʫ ʩʧʝʮʠʬʠʯʥʳʤʠ ʪʨʘʥʩʧʦʨʪʝʨʘʤʠ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ, FeoB ʠ FutABC, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [24]. 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ, ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʤʫʪʘʥʪʳ Synechocystis, ȹfeoB ʩ 

ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʦʜʥʦʠʤʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ Fe(II), ʘ ʪʘʢʞʝ ȹfutB ʠ ȹfutC, ʫ ʢʦʪʦʨʳʭ 

ʥʘʨʫʰʝʥʳ ʩʫʙʲʝʜʠʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʤʝʘʟʥʦʛʦ ʠ ɸʊʌʘʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʘʥʩʧʦʨʪʝʨʘ 
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Fʝ(III), FutABC (ʈʠʩʫʥʦʢ 4). ʉʦʦʙʨʘʟʥʦ ʠʟʚʝʩʪʥʦʡ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʪʨʘʥʩʧʦʨʪʝʨʘ FutABC ʚ 

ʧʦʛʣʦʱʝʥʠʠ ʠʦʥʦʚ Fʝ(III) [24], ʤʫʪʘʥʪʳ ȹfutB ʠ ȹfutC ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʨʦʩʪʘ, ʯʝʤ ʤʫʪʘʥʪ ȹfeoB ʠ ʰʪʘʤʤ WT, ʥʝ ʪʦʣʴʢʦ ʚ ʦʪʩʫʪʩʪʚʠʠ, ʥʦ ʜʘʞʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʛʦ ʞʝʣʝʟʘ ʚ ʩʨʝʜʝ (ʈʠʩʫʥʦʢ 6, ɺ, ʘ ʪʘʢʞʝ ɹ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ WT). ʆʜʥʘʢʦ 

ʚʥʝʩʝʥʠʝ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʘ FeSK ʚ ʩʨʝʜʫ YBG11-Fe ʧʨʠʚʦʜʠʣʦ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʦʩʪʘ ʵʪʠʭ 

ʪʨʝʭ ʤʫʪʘʥʪʦʚ ʜʦ ʫʨʦʚʥʷ ʰʪʘʤʤʘ WT (ʈʠʩʫʥʦʢ 6, ɺ ʠ ɹ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʝʥʳ 

feoB, futB ʠ futC ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝ ʩʚʷʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʘʥʦʙʘʢʪʝʨʠʝʡ FeSK ʚ ʢʘʯʝʩʪʚʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʞʝʣʝʟʘ (ʪʦ ʞʝ ʩʘʤʦʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʦʪʥʦʰʝʥʠʠ SAV; ʜʘʥʥʳʝ ʥʝ 

ʧʦʢʘʟʘʥʳ). 

 

 

ʈʠʩ. 6. ɼʝʚʷʪʠʜʥʝʚʥʳʝ ʢʫʣʴʪʫʨʳ ʰʪʘʤʤʘ WT ʠ ʤʫʪʘʥʪʦʚ ȹtonB, ȹexbBD1, ȹfeoB, ȹfutB ʠ ȹfutC 

Synechocystis ʚ ʩʨʝʜʝ ʙʝʟ ʞʝʣʝʟʘ (ïFe) ʣʠʙʦ ʚ ʥʝʡ ʞʝ, ʥʦ ʩ 10 ʤʢʄ ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʳʭ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ 

FeAB, SAV ʠʣʠ FeSK. 

(ɸ) ʌʦʪʦʛʨʘʬʠʠ ʠ (ɹ) OD750 ʢʫʣʴʪʫʨ ʰʪʘʤʤʘ WT ʠ ʤʫʪʘʥʪʦʚ ȹtonB ʠ ȹexbBD1. (ɺ) OD750 ʢʫʣʴʪʫʨ 

ʤʫʪʘʥʪʦʚ ȹfeoB, ȹfutB ʠ ȹfutC. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʥʪʨʦʣʠ (+Fe): ʢʫʣʴʪʫʨʳ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʩʨʝʜʝ YBG11. 

ʇʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ OD750 ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ 3 ʥʝʟʘʚʠʩʠʤʳʭ ʦʧʳʪʘʭ. 
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ʌʫʥʢʮʠʠ ʛʝʥʦʚ ʩʫʙʢʣʘʩʪʝʨʘ fecCDEB1-schT ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ 

ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʦʛʦ ʪʠʧʘ ʮʠʘʥʦʙʘʢʪʝʨʠʝʡ Synechocystis 

ʂʨʦʤʝ ʚʳʰʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʛʝʥʦʚ tonB, exbB1, exbD1 ʠ fhuA2, ʝʱʝ 10 

ʧʦʠʤʝʥʦʚʘʥʥʳʭ ʛʝʥʦʚ ʠʟʫʯʘʝʤʦʛʦ ʢʣʘʩʪʝʨʘ (ʈʠʩʫʥʦʢ 3) ʧʨʝʪʝʥʜʦʚʘʣʠ ʥʘ ʫʯʘʩʪʠʝ ʚ ʢʦʥʪʨʦʣʝ 

ʠʤʧʦʨʪʘ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ FeSK ʠ SAV ʫ Synechocystis. ʅʝʤʘʣʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣ 

ʩʫʙʢʣʘʩʪʝʨ ʠʟ 5 ʛʝʥʦʚ, fecC, fecD, fecE, fecB1 ʠ schT, ʢʦʪʦʨʳʝ ʩʦʛʣʘʩʥʦ ʠʭ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ 

ʬʫʥʢʮʠʷʤ ʤʦʛʣʠ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʷʤʦʡ ʧʫʪʴ ʧʦʛʣʦʱʝʥʠʷ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ. ʀʪʘʢ, 

ʦʩʪʘʚʰʠʝʩʷ 10 çʛʝʥʦʚ-ʧʨʝʪʝʥʜʝʥʪʦʚè ʪʦʞʝ ʙʳʣʠ ʠʥʘʢʪʠʚʠʨʦʚʘʥʳ, ʠ ʦʪʦʙʨʘʥʥʳʝ ʤʫʪʘʥʪʳ 

(ʈʠʩʫʥʦʢ 7) ʧʦʣʥʦʩʪʴʶ ʩʝʛʨʝʛʠʨʦʚʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʩʨʝʜʝ (ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʥʳ). 

 

 

ʈʠʩ. 7. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʫʪʘʥʪʦʚ ȹfecC, ȹfecD, ȹfecE, ȹfecB1, ȹschT, ȹfecB2, ȹfhuA1, 

ȹfhuA3, ȹfecB3 ʠ ȹfecB4 Synechocystis. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʠʥʘʢʪʠʚʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʥʦʚ 

(ʙʝʣʳʝ ʩʪʨʝʣʢʠ) ʩ ʟʘʤʝʱʝʥʠʝʤ ʠʭ ʜʝʣʝʪʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʢʘʩʩʝʪʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʘʥʘʤʠʮʠʥʫ, Kmr 

(ʩʝʨʳʝ ʩʪʨʝʣʢʠ). ɻʦʤʦʟʠʛʦʪʥʳʡ ʩʪʘʪʫʩ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ 10 ʤʫʪʘʥʪʦʚ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʢʦʥʢʨʝʪʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʇʎʈ-ʘʥʘʣʠʟʘ (ʥʝ ʧʦʢʘʟʘʥʦ). 

 

ʌʝʥʦʪʠʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ 10 ʧʦʣʫʯʝʥʥʳʭ ʤʫʪʘʥʪʦʚ Synechocystis ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʥʘʢʪʠʚʘʮʠʷ ʢʘʞʜʦʛʦ ʠʟ 5 ʛʝʥʦʚ ʩʫʙʢʣʘʩʪʝʨʘ fecCDEB1-schT ʥʘʨʫʰʘʝʪ ʨʦʩʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʤʫʪʘʥʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ FeSK ʠʣʠ SAV (ʈʠʩʫʥʦʢ 8, ɸ, ɹ). ʅʘʧʨʦʪʠʚ, ʚ ʩʣʫʯʘʝ ʠʥʘʢʪʠʚʘʮʠʠ fecB2, 

fecB3, fecB4, fhuA1 ʠʣʠ fhuA3 ʥʘʨʫʰʝʥʠʷ ʨʦʩʪʘ ʤʫʪʘʥʪʦʚ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʥʝ ʥʘʙʣʶʜʘʣʠ 

(ʈʠʩʫʥʦʢ 8, ɺ, ɻ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʳ FeSK ʠ SAV ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ 

ʙʠʦʜʦʩʪʫʧʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʞʝʣʝʟʘ ʜʣʷ ʮʠʘʥʦʙʘʢʪʝʨʠʠ Synechocystis, 

ʥʝʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʩʠʜʝʨʦʬʦʨʳ. ʋʢʘʟʘʥʥʳʝ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʳ 

ʫʪʠʣʠʟʠʨʫʶʪʩʷ Synechocystis ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʛʦ TonB-ʟʘʚʠʩʠʤʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʮʠʪʦʧʣʘʟʤʫ 

ʢʣʝʪʢʠ ʙʝʟ ʫʯʘʩʪʠʷ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ FeoB ʠ FutABC. 

ʂʨʦʤʝ 3 ʛʝʥʦʚ TonB-ʩʠʩʪʝʤʳ, ʚ ʢʦʥʪʨʦʣʴ ʫʪʠʣʠʟʘʮʠʠ ʵʪʠʭ ʢʩʝʥʦʩʠʜʝʨʦʬʦʨʦʚ ʚʦʚʣʝʯʝʥʳ 5 

ʛʝʥʦʚ ʩʫʙʢʣʘʩʪʝʨʘ fecCDEB1-schT. ʂʦʜʠʨʫʝʤʳʝ ʵʪʠʤʠ ʛʝʥʘʤʠ ʙʝʣʢʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʛʣʦʱʝʥʠʷ Fe-ʩʠʜʝʨʦʬʦʨʦʚ ʫ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʘ Fe-

ʩʠʜʝʨʦʬʦʨʦʚ ʜʠʛʠʜʨʦʢʩʘʤʘʪʥʦʛʦ ʪʠʧʘ ʚ ʢʣʝʪʢʫ Synechocystis (ʈʠʩʫʥʦʢ 9). ʂʩʪʘʪʠ, ʛʝʥ schT 
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Synechocystis ʙʳʣ ʥʘʤʠ ʪʘʢ ʥʘʟʚʘʥ ʧʦ ʠʤʝʥʠ ʙʣʠʞʘʡʰʝʛʦ ʛʦʤʦʣʦʛʘ ʫ Anabaena 7120 ï ʛʝʥʘ schT 

(schizokinen Transporter), ʢʦʜʠʨʫʶʱʝʛʦ ʦʩʥʦʚʥʦʡ TBDT ɻ ʥʜʦʛʝʥʥʦʛʦ FeSK [30]. 

 

 

ʈʠʩ. 8. ɼʝʚʷʪʠʜʥʝʚʥʳʝ ʢʫʣʴʪʫʨʳ ʰʪʘʤʤʘ WT ʠ 10 ʤʫʪʘʥʪʦʚ ʩ ʥʘʨʫʰʝʥʥʳʤʠ ʛʝʥʘʤʠ ʠʟʫʯʘʝʤʦʛʦ 

ʢʣʘʩʪʝʨʘ, ȹfecB1, ȹfecB2, ȹfecB3, ȹfecB4, ȹfecC, ȹfecD, ȹfecE, ȹfhuA1, ȹfhuA3 ʠ ȹschT, Synechocystis 

ʚ ʩʨʝʜʝ YBG11-Fe (ïFe) ʣʠʙʦ ʚ ʥʝʡ ʞʝ, ʥʦ ʩ 10 ʤʢʄ FeSK ʠʣʠ SAV. 

(ɸ ʠ ɺ) ʌʦʪʦʛʨʘʬʠʠ ʣʫʥʦʢ ʤʠʢʨʦʧʣʘʥʰʝʪʘ ʩ ʘʣʠʢʚʦʪʘʤʠ ʢʫʣʴʪʫʨ, ʫʩʚʘʠʚʘʶʱʠʭ (ɺ) ʣʠʙʦ 

ʥʝʫʩʚʘʠʚʘʶʱʠʭ (ɸ) FeSK ʠʣʠ SAV ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʞʝʣʝʟʘ. (ɹ ʠ ɻ) ʟʥʘʯʝʥʠʷ OD750 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʫʣʴʪʫʨ (ʩʨʝʜʥʠʝ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʦʧʳʪʘʭ). 

 


